As much as one-quarter of an infant's body is composed of fat, yet at present we have no means by which this fat can be measured even approximately, and the only data that we have for infants come from cadaver analyses of perinatal deaths. Skinfold thickness measurements are now a well established means of assessing the thickness of subcutaneous fat at all ages, including infancy; it therefore seemed worthwhile to see whether they could be used to provide some estimate of total body fat.
A number of formulae have been proposed whereby skinfold measurements can be used to predict total body fat (TBF). They have depended for validation on estimating TIBF by hydrostatic weighing, measurement of total body water by deuterium oxide, or of total body potassium with 40K. Though several of these methods have been applied to children (Hammond, 1955; Durnin and Rahaman, 1967; Brook, 1971) none are applicable to infants. Therefore, in the absence of any direct method for validating a formula predicting TBF in infants, we have had recourse to indirect means.
Material and methods
Twenty-seven normal term infants were studied: 15 boys and 12 girls. Measurements of skinfold thicknesses and of various body dimensions were made from birth at intervals of 2-3 weeks for the first 4 months, and thereafter at approximately 6- weekly intervals up to 40 weeks. Measurements were also made on 25 preterm infants with birthweights below 2500 g who were studied from birth up to Received 2 August 1976 3-4 months, but only a few of these results are reported in this paper.
The following measurements were made using the techniques given in Weiner and Lourie's (1969) Handbook: circumferences, with a tape measure (plastic, 2 cm wide, checked against a steel rule), of head (fronto-occipital), chest (at level of nipples), mid-upper arm, mid-thigh and calf; lengths, with a light plastic caliper, of upper arm (inferior border of acromion to tip of olecranon) and lower arm (tip of olecranon to tip of the lateral styloid). A measuring board was used for supine length and crown-rump length. Skinfolds (subscapular and triceps) were measured with the Harpenden caliper, using the technique described by Tanner and Whitehouse (1975) (see Discussion) . Limb measurements were made on the left side.
A model of the body can be made up of a sphere, the head; a cylinder, the trunk; and two pairs of cylinders, the upper and lower limbs (Fig. 1) . The head is assumed to be effectively devoid of subcutaneous fat; its diameter (d) is the circumference .ir. The trunk is taken to be a cylinder of lenRgth equal to the crown-rump length minus the diameter of the head sphere (CR-d, Fig. 1 ) and circumference equal to the chest circumference. The upper limbs are taken to be cylinders of length equal to the sum of the lengths of upper and lower arms (a, Fig. 1 ), the circumference being that of the upper arm. The lower limbs are taken to be cylinders of length equal to the supine length minus the crownrump length (1-CR, Fig. 1) , and of circumference equal to the mean of the circumferences measured at mid-thigh and calf. infants aged from 1 day to 6 months who were undergoing surgery (for hernia, pyloric stenosis, or oesophageal atresia). The thickness of the dermis layer was measured directly at the skin incision with a steel rule, and a mean value of 1 mm was obtained. (A value of the same order was obtained for adults by Barker, 1951) .
The relation of skinfold thickness by caliper to subcutaneous tissue thickness as measured by x-ray was studied by Hammond (1955) in children aged 1-15 years. In Fig. 2, (A) Volume of fat covering trunk (ml) =(crownrump length-diameter of head) x (circumference of trunk) X Otk. Summing these, the weight (g) of total body fat is given by 09 (A+2B+2C); the factor 09 being the density of human fat (Keys and Brozek, 1953 5 shows mean body weight, fat-free weight, and TBF (kg) for both boys and girls from birth to 40 weeks. (Supine lengths for the series are not given; they conformed closely to normal standards, with the boys on average 1 -59 (±0 -69 SD) cm longer than the girls during this period). As expected, the mean body weight of boys was consistently more than that of girls (P <0-05 for 4, 8, and 12 weeks). The weight of fat was at first virtually the same for boys and girls, rising from a mean of about 0-4 kg at birth to 1 -8 kg at 24 weeks; thereafter it remained at about 2 kg, the mean values for girls being consistently slightly higher than those for boys. The fat-free weight was consistently higher for boys than girls throughout the period from birth to 40 weeks, the average sex difference over the period being 0-40(± 0-18 SD)kg. Age (weeks)
Application to preterm infants. Fig. 6 found that in 7 fetuses weighing more than 2 5 kg, who were close to term, the deep fat accounted for 21 *0±6 *96 % (mean+±SD) of the total body fat, with a range of 13 9 to 32.5%. In 3 infants over 3 kg who died virtually at term the mean was 17 -/0 %.
In the newborn infant it is therefore likely that 70-80% of TBF is subcutaneous. The proportion of TBF sited in the subcutaneous layer is reported to remain about the same in an individual with changes in adiposity (Durnin and Womersley, 1974) (Whitelaw, 1976) , a method which leads to substantially lower values. The technique we have used has the advantage of being applicable to infants of all ages, and our skinfold values are very similar to those published by earlier workers using the same technique for newborn (Gampel, 1965) and older infants (Hutchinson-Smith, 1973) .
Between birth and 40 weeks, the girls in our series had a higher mean percentage of TBF than the boys. At birth mean skinfold measurements were slightly larger for girls than for boys (mean±SD; mm: subscapular, boys 5I±1 0, girls 5 3±0 70, triceps, boys 4-9±1 67, girls 5 0±0 73), the converse applying to body weight and supine length. Larger skinfolds in girls at birth were also recorded by Gampel (1965) and Farr (1966) and recently by Oakley et al. (1977) in a series large enough for the difference to be statistically significant.
In later infancy, Hutchinson-Smith (1973) followed 200 infants from 1 month after birth to 1 year, and found no difference between the skinfolds of boys and girls. After 1 year there is general agreement that girls tend to have larger skinfolds than boys (Tanner and Whitehouse, 1975) . Even if the skinfold thicknesses of boys and girls were the same, this still implies that girls with their lower average weight must have a larger proportion of subcutaneous fat, as our values for percentage TBF in Fig. 4 show. That the growing male infant, with his more rapid gain in fat-free weight, lays down relatively more musculoskeletal and less fat tissue than does the female is indicated by the results shown in Fig. 5 .
In conclusion, we suggest that it is useful to the clinician to be able to translate skinfold measurements into terms of 'total body fat', since whether or not the values so obtained are correct in absolute terms, their use enables the proportion of body fat in different infants to be compared. 
